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By H. Kurt Strass and Edison M. Fields 

An investigation has been made, by means of  rocket-propelled test 
vehicles, of the  rolling  effectiveness a t  transonic and sugersonic 
speeds on a 38.1O sweptback tapered wfng having NACA 0010-64 a i r f o i l  
sections and equipped wfth  partial-span  ailerons of true contour aad 
modified t o  a flat-side blunt  trailing-edge shape. The resul ts  are 
compared d t h  previous  results for  a similar modification t o  a wing 
havhg circular-arc  sections. The results indicated that, f o r  both. 
airfoil sections with a control  deflection of 5', the  original  true- 
contoy  ailerons, which had trailing-edge angles of 2L0 f o r  the 
circular-arc  section and 170 f o r  the round-nose section, showed a sharp 
loss in  roll ing  effectiveness between Mach numbers of 0.9 and 1.0 with 
a reversal of control   a t  a Mach  number of approximately 0.95. Modi-@; 
the  aileron by thackening  the trail- edge t o  one-half the aileron 
thickness at the hinge line, which reduced the trailing-edge an@;le t o  
approximately 8O, elfmimted  the  control reversal and i n  general 
Improved the  effectiveness in the  transonic  raage for both a i r fo i l  
sections,  although at some sacrifice in  drag. 

INTRODUCTION 

The Langley Pilotless  Aircraft  Research Division is conducting an 
investigation of wing-aileron  control a t  subsonic,  transonic, ead 
supersonic  speeds by means of rocket-propelled  test  vehicles in free 
flight. Lnvestigation of an aileron on a tapered sweptback w i n g  having 
a circular-arc  section  with a trailing-edge  angle of 21° indicated a 



control reversal near Mach  number 1.0 which was e l h i n a t e d  by modifying 
the   a i le ron   to  a flat-side  blunt  trail ing-edge shape which effect ively 
reduced the  trailing-edge angle. This phenomenon has been investigated 
further  with a round-nose section and the results are presented  herein 
and compared with prevlous  results. 

with true contour and a l s o  w i t h  t he   t r a i l i ng  edge increased t o  one-hetlf 
the thickness a t  the hinge axis. The w i n g  had an aspect   ra t io  of 3.61, 
a t ape r   r a t io  of 0.455, a sweepback angle of 38.1O measfired at the 
¶ m e r - c h o r d  line, and an W A  0010-64 a i r fo i l   s ec t ion  n o m  t o   t h e  
44.8-percent-chord l ine .  Drag as well as control  effectiveness was 
measured. 

The tests were made with 0.lTl-chord  outboard half-span ai lerons 

A 

b 
- 
C 

i w  
M 

m 

P 

pb 
2v 

R 

S 

S1 
v 
6a 

e 

SYMBOLS 

aspect   ra t to  (E) 
diameter of c i rc le  swept by wing  tippe (2.23 ft) 
mean aerodynamic  chord p a r a l l e l   t o  model center line (0.625 f t)  
t o t a l  drag coefficient based on t o t a l  exposed wing area, S 

wing-chord-plane  incidence -le, degrees 

free -stream Mach number 

couple,  applfed at w i n g  t i p  in a plane pwallel t o  model center 
line and normal. t o  wing-chord plane, inch-pounds 

model rate of ro l l ,   pos i t ive  if cloc?swise  when viewed from rear, 
radians per second 

rolling  effectiveness  parameter 

Reynolds n&ber based on F 

t o t a l  exposed wing area (1.563 sq f t  ) 
area’ of two panels  taken to   cen ter   l ine  (1.378 s q  ft ) 

velocity of model d o n g  flight path, feet per second 

deflection of  each ai leron from wing-chord plane, measured i n  a 
plane  paral le l   to  model center line, degrees 

angle of wing twist (produced by m) a t  any section alortg wing 
span in a p lane   para l le l   to  free stream and normal t o  wing-  
chord plane, radians 

I, 

. 
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e 
m 
- wing-torsional-stiffness  parsmeter in a plane  parallel to 

x taper  ratio 

model  center  line,  radians  per inch-pound 

The  geometrical  arrangement  of  the  test  vehicles used in this 
investigation  is  given in table I and  figures I and 2. The mdel 
finish  consisted of several  coats of clear  lacquer  rubbed  almost glass- 
moth.. The torsional-rigidity  characteristics for the wing plan form 
tested  aze  presented in figure 3. m e  parameter - was obtained by 
applying a known couple  at the tip of the wrzlg and then measurhg the 
variation of twist along the span. The torsional  rigidity as given in 
figure 3 has been shown by unpublished h t a  to be sufficient- rigid to 
limit the loss of  control  effectiveness to a mRximrrm of 20 percent at a 
Mach number of 1.8. 

e 
m 

The  test  vehicles were of the sax@= s-le and  relatively  inexpen- 
sive  construction as has been  used  previously and are  described Ir, 
reference 1. The measured  values of aileron  deflection and wing inci- 
dence  are esthated  to be wfthin *O.lo end *0.05', respectively,  of the 
actual values. The test  vehicles  were  propelled to approximately M = 1. 
by a two-stage  rocket-propulsion  system. All the data were obtained 
during the  coasting period following burnout of the  sustainer motor. 
The flight-path  velocity was neasured by the use of the CW Doppler radar 
technique and the  rolling  velocity by the use of spinsonde radfo equip- 
ment. Atmospheric  data  were  obtained from radiosonde  records.  Drag 
information was obtained by the dffferentistion of the flight-path 
velocity cur-ve against time. A more complete  description  of  the  tech- 
nique is given in references 2 and 3. 

ACCURACY 

The  estimated  accuracies for the paremeters  measured  in this 
investigation  are a s  follows: 

pb/2v - (due to  limftations on mode? construction and 
6 
measurement  accuracy) . . . . . . . . . . . . . . . . . . .  *O.OoCn3 ""LW (due to limit&ion in instrumentation) . . . . . . . . . .  N.0001 

. . . . . . . . . . . . . . . . . . . * . . . * . . . * . * m . o o p o  
M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  %).010 
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CORREZTIONS 

NACA RM LgLlg 

Because of the  l imitations in constructional accuracy, the 
resulting amall devlations from the design values were measured and 
the data were corrected  to unit ai leron  set t ing and zero w i n g  incidence 
t o  allow direct  comparison between models. The rolling  effectiveness 

parmeter was assumed t o  vary linearly with aileron  deflection. 2v 
Errors  in  incidence were corrected by assuming tha t  a steady-state 
rolling condition  existed when the rol l ing moment caused  by incidence 
was equal t o  the damping moment. In addition,  the  lift-curve  slope at 
any position  along  the span due t o  incidence was assumed t o  be constant 
and equal t o  the lift-curve  slope due t o  damping. The resulting  general 
equation is as follows: 

A%=.-- 2iw ( ' +  2A) = 0.02811, 
57.3 1 + 3x 

where 

iw measured wing incidence in degrees 
I 

The correction fo r  incidence was assumed to be constant  throughout the 
ent i re  Mach number range. This correction has been verified  experi- 
mentally for es unswept rectangular  plan form of aspect  ratfo 3.7 except 
for the  region around M W 0.95 where a small abrupt  discontinuity 
OCCUTB. (see  f ig.  4. ) 

The effect  of the moment of iner t ia  about the ro l l   ax is  on the 
measured d u e s  of wa8 assumed t o  be negligible. (See reference 13 
The pb/2V values from reference 1 when plotted in t h i s  paper  uere 
corrected t o  sa = 5 O  streamwise t o  f ac i l i t a t e   d i r ec t  comparison. 

RESULTS AZOD DBCUSSIOB 

The variation of Reynolds number with Mach number is shown in 
figure 5.  A comparison of the control  effectiveness of the two types of 
ailerons is  presented in figure 6 . a s  curves of the  control  effectiveness - 
paraureter pb/2V against Mach number. The original  true-contour  aileron 
exhibited a very  abrupt loss of control accompanied by 8 slight  reversal  
i n  the range between M 2 0.9 and 1.0. This condition was p r e ~ o u s l y  
encountered on a wing of sfmilar geometric characterist ics but with a 

.. 
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different a i r f o i l  section  (10-percent  circular  arc). By increasing  the 
thickness at the   t ra i l ing  edge t o  one-half the thiclmess a t   the  hinge 
ax is  (reference l), the  aileron  control was *roved. The same 
technique was used in this investigation and yielded  approximately  the 
same results.  The improvement In control i s  confined la rge ly   to   the  
speed region be low M 2 1 . 2 .  In figure 7, a direct  comparison is made 
of the resul ts  from the two series  of tes t s .  For the true-contour 

aileron, the curves of - Pb/m from the present tests and from refer- 
S 

ence 1 agreed w e l l  except fo r  a limited  region between M Z 0.9 and 1.2 
where the aileron from the  present tests was more effective. The blunt 
trailing-edge  control  used in the  present tests w a s  slightly more 
effective  throughout most of the speed range  than was the same type of 
control f r o m  reference 1. In general the data seem t o  indicate that 
the  effectiveness of a given type of control i s  only slightly  affected 
by the  thiclmess  distribution of the forward portion of the a f r f o i l .  
The use of the blunt trailing-eage  aileron caused a large increase in 
t o t a l  drag coefficient below the speed of sound; however, the drag- 
coefficient  increase above the speed of  sound was less (see fig. 8). * .' 

CONCLUDING REMARKS 

A free-flight  investigation at transonic and supersonic  speeds of 
the  rolling  effectiveness of ailerons on a sweptback tapered wing  
having a round NACA 0010-64 section with a trailing-edge angle of 170 
indicated that a large  abrupt  decrease in aileron  effectiveness 
accompanied by reversal occurred in  the transonic region. The l o s s  of 
effectiveness w a s  similaz t o  that reported  previously with a circular- 
arc  section having a trailing-edge  angle of uO. 

An effective meas of reducing this los s  of control f o r  e i ther  
a i r foi l   sect ion was the  use of a flat-side  aileron, the contour of w h i c h  

thickness a t  the hinge l ine .  
, ' was modified by thickening the t ra i l i ng  edge t o  a value of  one-half the 

The drag of the wing w a s  appreciably increasea by  the  modification 
t o  the  aileron  at  subsonic speeds, although a t  speeds greater  than a 
Mach  number of 1.0 the  drag  increase w&s small. 

1 

Langley Aeronautical  Laboratory 
National Advisory Committee f o r  Aeronautics .. Laagley A i r  Force Base, Va. 
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TABLE I 

GEOMETRIC  CHARACTERISTICS 

Aspect  ratio . . . . . . . . . . . . . . . . . . .  
%per ratio . . . . . . . . . . . . . . . . . . .  
Sweepback of wing L.E., degrees . . . . . . . . .  
Sweepback of wing c/4, degrees . . . . . . . . .  
Sweepback of wing T.E., degrees . . . . . . . . .  
Ratio of aileron span to wing  span . . . . . . . .  
Average moment of inertia about r o l l  axis, 

slug-feet2 . . . . . . . . . . . . . . . . . . .  
Location  of  hinge axis, percent f’ree-stream 

chord . . . . . . . . . . . . . . . . . . . . .  
Airfoil section nom to 44.8-percent free-stream 

chord. . . .  ; . . . . . . . . . . . . . . . .  
True-contour  aileron  trailing-edge angle, normal 

to 44.8-percent  free-stream  chord,  degrees . . 
Modified  aileron  trailing-edge angle, mrraal to 

44.8-percent  free-stream  chord,  degrees . . . .  

Total exposed wing area,  square  feet . . . . . . .  
Mean  aerodynamic chord, E, feet . . . . . . . . .  

. . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  

. . .  

. . .  

. . .  

. . .  

. . .  
Wbtained by extending w i n g  to center  line of fuselage. 

~ 3.61 

* 455 
0.625 
41.6 
38.1 
25.2 
w.5 

1.563 

0.0768 I 
NACA 0010-64 I 
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Figure 1.- Photograph of typical model. 
-2 
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